Nylon6 nanocomposites containing pristine layered a-zirconium phosphate (ZrP) nanoplatelets of various sizes have been fabricated by a simple and direct melt-compounding method without adding intercalation or exfoliation agents. Owing to the excellent compatibility between the nanofillers and Nylon6, the pristine ZrP nanoplatelet nanocrystallites were well dispersed and homogeneously distributed into the polymer matrices during the melt processing, but still maintained their original layered state as observed by scanning electron microscopy and X-ray diffraction. Tensile testing and dynamic mechanical analysis on the Nylon6/ZrP nanocomposites illustrate that the size and concentration of the pristine ZrP nanoplatelets have a profound effect on the mechanical properties of such prepared polymer nanocomposites. The improvement of the mechanical reinforcement for the Nylon6 nanocomposites does not show a steady increase with the increase in the size and concentration of the embedded pristine ZrP nanoplatelets, but displays the maximum for the pristine ZrP nanoplatelets with a size ranging from 600 nm to 800 nm at a concentration of $3.0-5.0% in the polymer matrices. The mechanisms that are responsible for the mechanical reinforcement of thermoplastic polymer matrices by the embedded pristine ZrP nanoplatelets, as well as their comparisons with corresponding epoxy nanocomposites, are also discussed.
Introduction
Polymer nanocomposites 1 containing well-dispersed inorganic nanollers exhibit signicantly reinforced mechanical performance and excellent physical properties.
2 Different types of nanollers that have been frequently embedded into various polymer matrices include 0-dimensional spherical/quasispherical nanoparticles, 1-dimensional nanotubes/nanowires/ nanorods, and 2-dimensional nanoplatelets/nanosheets. Among the varieties of polymer nanocomposites, polymer nanocomposites containing inorganic nanoplatelets, especially polymer/layered silicate nanocomposites [3] [4] [5] [6] [7] [8] [9] [10] have attracted probably the broadest attention in both fundamental research and industrial applications because of their excellent mechanical properties, 11 thermal stability, 12 barrier performance, 13 ame resistance [14] [15] [16] and so on. More importantly, the clay MMT (montmorillonite) is cheap and can be incorporated into various polymers, i.e. thermoplastic Nylons, by melt processing, which makes such polymer/clay nanocomposites suitable for industry-scale fabrications at a low cost.
In the past decade, numerous efforts have been focused on the enhancements of the physical and mechanical properties 17 for polymer/clay, 18, 19 i.e. Nylon6/MMT, [20] [21] [22] epoxy/clay, [23] [24] [25] nanocomposites, and most of such research has concentrated on achieving a high degree of exfoliation and a better dispersion of MMT 26, 27 or improving the interfacial adhesion of clays to the polymer matrices via surface modications. 28, 29 However, the improvements of the physical and mechanical properties of such polymer nanocomposites are not only limited to the above inuences, but also determined by many other factors including size, shape and aspect ratio of the clays. 30 The relevant modeling work 31 has conrmed the importance of these factors on the properties of polymer nanocomposites, but there are still lack of the experimental data reports on how the size affects the mechanical properties of polymer nanocomposites because of the limited aspect ratios for the natural clays.
As compared to the natural clays, synthetic layered a-zirconium phosphate (ZrP) nanoplatelets have advantages such as dened chemical structure, high purity, ease to control the size and aspect ratio, large ion-exchange capacity, and high activity for surface and interlayer modications, [32] [33] [34] and therefore they have been utilized as a model clay to invest the nanoller effects on the properties of polymer nanocomposites. Epoxy nanocomposites containing ZrP nanoplatelets with variations in size, aspect ratio, dispersion state, surface and interlayer functionalities, and so on have been prepared through solution mixing to investigate the structure-property relationships in thermoset/ZrP nanocomposites. However, such systematical studies have not been realized in thermoplastic polymers. Although ZrP nanoplatelets have shown great potentials on improving the ame retardant properties of various thermoplastic matrices, 35 the experimental reports regarding their effects on the mechanical properties of such polymer matrices are still lacking. Moreover, solution mixing is a good processing method to prepare polymer nanocomposites with well dispersed nanollers such as epoxy/ ZrP nanoplatelets nanocomposites, however, for most of the engineering plastics, i.e. Nylon, it is better to adapt the melt mixing procedures from the industrial processing so that reinforced polymer nanocomposites with ZrP nanoplatelets can be fabricated in large quantities at low cost.
Herein, we have prepared Nylon6 nanocomposites containing pristine ZrP nanoplatelets with various sizes by a melt compounding method without using any intercalation/exfoliation agents. Although the addition of surfactant molecules such as amines could lead to a better dispersion and even exfoliation of the layered nanoplatelets into the polymer matrices which is similar to the polymer/clay nanocomposites, such procedure would inevitably cause additional processing steps and cost to the practical applications, and in some cases even degrade the physical properties of the polymer matrices. Therefore, the current work is aimed to provide a simple and easy to scale-up method that directly incorporates the pristine ZrP nanoplatelets into Nylon6 matrices through melt compounding. The mechanical properties characterized by tensile testing and dynamic mechanical analysis are provided. In our subsequent research, we will continue to study the exfoliation and modications of ZrP nanoplatelets in Nylon and other engineering thermoplastics.
Experimental

Materials
Nylon-6 pellets (1013B) used in this study were purchased form Ube Industries company in Japan. Zirconyl chloride (ZrOCl 2 -$8H 2 O, 98%, Aladdin) and phosphoric acid (H 3 PO 4 , 85%, Aladdin) were used to synthesize the pristine ZrP nanoplatelets. Table 1 , the Nylon6/ZrP nanocomposites were manufactured by mixing neat Nylon6 and different sizes and amount of ZrP nanoplatelets via a melt-compounding method using a Haake Rheomix OS mixer. The mixture temperature was set at 215 C with a screw speed of 50 rpm for 11 min and then 80 rpm for 3 min. These samples were crushed and dried at 60 C for 24 h.
Then, the extruded pellets were injection-molded into standard tensile (ASTM D638-10) bars using a Haake MiniJet II injection molding machine. The barrel temperature was set at 270 C and the mold temperature was xed at 65 C. An injection pressure of 70 bar and a holding pressure of 65 bar were used for 10 s and 3 s, respectively. The crystalline phases of these samples were analysed by an X-ray diffractometer (XRD, Bruker D8) with Cu Ka radiation (l ¼ 0.154 nm) with operating conditions of 40 kV.
2.3.2. Mechanical properties of nanocomposites. The tensile tests were carried out using an Instron legend 2367 material testing system (model D638-10) at room temperature with gauge length of 36 mm and crossed speed of 20 mm min
À1 .
An Instron strain gauge extensometer (10 mm gauge) was used to improve the accuracy of testing data and the nal results were all gained based on the average of ve samples. Dynamical mechanical analysis (DMA) was conducted under an auto tension model with a Perkin Elmer DMA 8000 system at temperatures ranging from À50 C to 200 C and a frequency of 1 Hz and a heating rate of 2 C min À1 . The glass transition temperatures (T g ) were determined based on the maximum temperatures on the curves of tan d versus temperature.
Results and discussion
Characterizations of ZrP nanoplatelets and Nylon6 nanocomposites
The morphologies and microstructures of the pristine ZrP nanoplatelets and representative Nylon6 nanocomposites containing 5 wt% of various pristine ZrP nanoplatelets characterized by SEM are shown in Fig. 1 . Crystalline ZrP nanoplatelets were rst synthesized by A. Cleareld et al. through a reuxing method, 37 which, later on, has been well recognized and widely used to prepare layered ZrP nanoplatelets for various applications. In this study, we prepared the pristine ZrP nanoplatelets with various sizes via a hydrothermal method modied by Luyi Sun et al. 34 It's clear from Fig. 1a -c that with increasing the concentration of phosphoric acid from 3 M to 6 M to 9 M in the hydrothermal reactions, the size of the pristine ZrP nanoplatelets increases gradually. The diameters of 3MZrP, 6MZrP and 9MZrP are approximately 400-600 nm, 600-800 nm and 800-1000 nm, respectively, which agree with the literature reports. 36, 38 As compared to the 6MZrP and 9MZrP nanoplatelets, the 3MZrP nanoplatelets were easier to agglomerate owing to their smaller size and larger surface area.
To verify the dispersion of the pristine ZrP nanoplatelets in Nylon6 matrices by melting compounding without using any intercalation and exfoliation agents, only the SEM images of the Nylon6 nanocomposites with the highest nanoller concentration are shown. As observed in Fig. 1d -f, the majority of the incorporated ZrP nanoplatelets maintained their pristine structure and in the Nylon6 matrices aer melt compounding.
The structure of various pristine ZrP nanoplatelets and Nylon6/ZrP nanocomposites is also conrmed by X-ray diffraction (XRD) as shown in Fig. 2 . In the XRD patterns, the diffraction peaks of the pristine ZrP nanoplatelets were similar to the literature report. 36 The strong diffraction peak at 11.7 for all the ZrP-related samples in the XRD patterns clearly illustrates that all the ZrP nanoplatelets with various sizes remain the same crystalline form before and aer being incorporated into Nylon6 matrices by melt compounding, which agrees with the SEM observations shown in Fig. 1 . The characterization results for SEM images and XRD patterns indicate that the melt mixing process without the aid of any surfactant cannot, as expected, result in the interaction or exfoliation of layered ZrP nanoplatelets in polymer matrices. The excellent dispersion of the pristine ZrP nanoplatelets in Nylon6 without using any surfactant is attributed to the good compatibility between the pristine ZrP nanoplatelets and Nylon6 polymer chains, as is illustrated in Fig. 3 . The Nylon6 contains thermoplastic polyamide chains with a relatively high density of polar groups, while the pristine ZrP nanoplatelets are heavily covered with hydroxyl groups. Even though the Nylon6 polymer chains cannot intercalate/exfoliate the ZrP nanoplatelets without using surfactants due to their large molecular sizes and the strong adhesion in between the pristine layers by hydrogen bonding, the affinity of the ZrP nanoplatelets surface polar groups to the polyamides is still large enough to ensure the good dispersion of the pristine ZrP nanoplatelets into the molten Nylon6 under shear stress. It is expected that by using proper intercalation agents, the exfoliation of ZrP nanoplatelets into Nylon6 by melt processing could be realized like the case of polymer/organoclay nanocomposites 39 and epoxy/ZrP nanocomposites with Jeffamines, which will be the focus of our future exploration. Anyway, in the current study the good dispersion of pristine ZrP nanoplatelets into Nylon6 by melt compounding has been realized at ease, and thus the systematical investigation on the mechanical properties of such polymer nanocomposites can be achieved.
Mechanical properties
3.2.1. Tensile testing. The tensile stress-strain curves for the neat Nylon6 and Nylon6 nanocomposites containing various pristine ZrP nanoplatelets with different concentrations are presented in Fig. 4a-c . The results of tensile modulus and tensile strength for all these samples are displayed together in Fig. 4d for the purpose of comparison. The above data as well as the elongations at break for all the samples are also summarized in Table 2 . It is clear from the tensile results that with the incorporation of pristine ZrP nanoplatelets, Nylon6/ZrP nanocomposites show a considerable enhancement in tensile modulus and a limited increase in tensile strength along with a reduction in elongation at break as compared to the neat Nylon6, which is mainly due to the presence of inorganic nanoplatelets as reinforcing llers. The phenomenon that the increase of modulus and strength is compromised by the decrease of ductility is frequently observed by adding different inorganic llers into polymer matrices such as carbon With the incorporation of only 1.0% of pristine ZrP nanoplatelets in Nylon6, 3 M 1% ZrP, 6 M 1% ZrP, and 9 M 1% ZrP Nylon6 nanocomposites all experience a large increase in tensile modulus by $19%, $21%, and $23% and tensile strength by $5%, $7%, and $11%, respectively as compared to the neat Nylon6. The larger the size of the pristine ZrP nanoplatelets incorporated is, the higher the tensile modulus and strength become for the Nylon6/ZrP nanocomposites at a low ller concentration. When the concentration of ZrP nanoplatelets in Nylon6 is increased to 3% and 5%, however, the change on the tensile properties for the Nylon6 nanocomposites varies with the size of the pristine ZrP nanoplatelets incorporated. The Nylon6/3MZrP nanocomposites show a steady change in tensile behaviors as the concentration of the pristine ZrP nanoplatelets increases. For example, the tensile modulus for Nylon6 nanocomposites with 1%, 3% and 5% of 3MZrP nanoplatelets show a continuing increase of $19%, $21% and $25%, respectively, as compared to the neat Nylon6. When 3% of 6MZrP nanoplatelets are added into Nylon6, the tensile modulus of such nanocomposites becomes 4.00 GPa, $30% increase as compared to the neat Nylon6 with a tensile modulus of 3.08 GPa, which is also larger than the Nylon6 nanocomposites with 3% of 3MZrP nanoplatelets. However, a further increase in the concentration of 6MZrP nanoplatelets in Nylon6 to 5% leads only to a very small increase in tensile modulus to around 4.02 GPa as compared to the 6 M 3% ZrP Nylon6 nanocomposites with a tensile modulus of 4.00 GPa. As for the Nylon6 nanocomposites containing 9MZrP nanoplatelets, the increase of the ller concentration to 3% results in an unexpected slight decrease in tensile modulus as compared to the 9 M 1% ZrP nanocomposites, which is even lower than that of the 6 M 3% ZrP nanocomposites, but still higher than that of the 3 M 3% ZrP nanocomposites. A further increase in the concentration of 9MZrP nanoplatelets in Nylon6 to 5% signi-cantly decreases the tensile modulus of the nanocomposites, which is the lowest among all the Nylon6/ZrP nanocomposites prepared in the current study. The overall enhancement in tensile strength for the nanocomposites containing various pristine ZrP nanoplatelets is limited as compared to the neat Nylon6. The tensile strengths of the Nylon6 nanocomposites containing 3MZrP and 6MZrP nanoplatelets gradually increase as the increase of the ller concentration. However, the 9 M 3% ZrP and 9 M 5% ZrP Nylon6 nanocomposites show a similar tensile strength, which is even lower than that of the 9 M 1% ZrP nanocomposites. The highest tensile strength obtained in the current study is about 73-74 MPa for the 6 M 5% ZrP and 9 M 1% ZrP nanocomposites, only $11% higher than that of the neat Nylon6. By comparing the tensile properties of all the nanocomposite samples including modulus, strength, and elongation at break as listed in Table 2 , the 6 M 3% ZrP nanocomposites exhibit the best performance with a tensile modulus of $4.00 GPa, a tensile strength of $71.69 MPa, and an elongation at break of $20.90%.
The above results suggest that to be able to achieve a good tensile behavior of Nylon6 by melt compounding with pristine ZrP nanoplatelets, both size and concentration of the llers should be balanced and that in the current study pristine ZrP nanoplatelets of around 600-800 nm by hydrothermal synthesis in 6 M phosphoric acid are the best to improve the tensile properties of Nylon6 with a ller concentration of around 3.0-5.0%. The literature reports on Nylon6/clay nanocomposites have shown that around 5% of unmodied montmorillonites in Nylon6 can only lead to a small increase of around 10% in tensile modulus and that the use of organoclays can result in a better dispersion of the llers and thus a higher increase in tensile modulus of around 30%. 1, 18 However, in our current study, the Nylon6 nanocomposites containing 3.0% of 6MZrP nanoplatelets without any surface modication show $30% increase in tensile modulus as compared to the neat Nylon6, indicating that ZrP nanoplatelets are superior for melt mixing with Nylon6 for mechanical reinforcement.
The tensile properties of polymer nanocomposites containing inorganic nanoplatelets strongly depend on both the size and concentration of the llers. The nanoplatelet concentration effect in various polymers has been widely discussed in the literature. In general, the higher the nanoplatelet (i.e. clays) concentration is, the larger the tensile modulus and strength become for the polymer nanocomposites with a relatively good ller dispersion. On the other hand, the nanoplatelet size effect is less studied probably due to the lack of a good practical system for systematical investigations especially in the thermoplastic polymers like Nylon by melt compounding method. The effects of size, concentration, and dispersion of ZrP nanoplatelets on the mechanical properties of thermosetting epoxy by solution mixing have be well investigated in a series of publications lead by H. J. Sue. 41, 42 Generally, the higher the concentration and the larger the size of the ZrP nanoplatelets is, the higher the tensile modulus and strength and the smaller the ductility are for the epoxy/ZrP nanocomposites. 43 The observed difference in the tensile behavior as a function of nanoplatelet size and concentration between the Nylon6/ZrP nanocomposites in the current study and the epoxy/ZrP nanocomposites in the literature might be due largely to their different nature of the polymer matrices. The epoxy matrices, once cured, are networked molecules while Nylon is thermoplastic with entangled polymer chains and partially crystallized domains. Therefore, the mechanisms that are responsible for reinforcing the thermosetting matrices by ZrP nanoplatelets should be different from those for the thermoplastic polymers. First, the ow and deformation behaviors between a thermosetting epoxy and a thermoplastic Nylon under the tensile test are different. As a result, the change on the mechanical properties of two different types of polymer matrices as a function of the size and concentration of the incorporated pristine ZrP nanoplatelets should be varied, especially for the large-sized samples such as our 6MZrP and 9MZrP nanoplatelets. In addition, the effect of each individual nanoplatelets embedded in the polymer nanocomposites on their surrounding areas is different with different polymer matrices. The thermosetting epoxy networks are usually rigid, thus are less affected by the adjacent inorganic nanoplatelets as compared to the relatively exible thermoplastic polymer chains especially at the temperature lower than T g . This can be validated by the DMA results in our following study. temperatures of À25 C (lower than T g ) and 125 C (higher than T g ) for the neat Nylon6 and its nanocomposites are presented in Fig. 5d and e, respectively. The corresponding DMA data are also summarized in Table 3 . Compared with the neat Nylon6, the storage modulus of the nanocomposites undergoes a signicant improvement owing to the incorporation of the nanoplatelets into the polymer matrices, indicating that pristine ZrP nanoplatelets embedded have a strong reinforcing impact on the dynamic elastic behavior of Nylon6. In both the glassy region (in the temperature range lower than T g ) and the rubbery plateau (in the temperature range higher than T g ), the storage modulus as a function of the nanoplatelet size behaves differently for the nanocomposites with various ller concentrations, especially for the larger-sized ZrP nanoplatelets at a relatively higher concentration. The storage modulus for the Nylon6/ZrP nanocomposites with 1.0% of the ller concentration exhibits a steady increase with increasing the size of the incorporated pristine ZrP nanoplatelets at both À25 C and 125 C. In specic, as compared with the neat Nylon6, there is an increment of $15%, $29%, and $49% in storage modulus at À25 C with regard to the 3 M 1.0 wt% ZrP, 6 M 1.0 wt% ZrP, and 9 M 1.0 wt% ZrP nanocomposites, respectively. At the same time, the corresponding increases in storage modulus at 125 C are $18%, 35%, and $41%. The change on the storage modulus of the Nylon6/ZrP nanocomposites at the ller concentration of 3.0 wt% with increasing the size of the nanoplatelets incorporated is similar to that of the Nylon6/ZrP nanocomposites at 1.0 wt%. Besides, the overall storage modulus of the Nylon6/ZrP nanocomposites at 3.0 wt% is higher than that of the Nylon6/ZrP nanocomposites at 1.0 wt% for the corresponding nanoplatelet size at both representative temperatures, except for the nanocomposites containing the 9MZrP nanoplatelets at À25 C,
where the storage modulus of the 9 M 3.0 wt% ZrP nanocomposites is lower than that of the 9 M 1.0 wt% ZrP nanocomposites. As for the Nylon6/ZrP nanocomposites at 5.0 wt%, the increase of the size of the incorporated nanoplatelets from 3MZrP to 6MZrP leads to the enhancement in the storage modulus at the temperatures both below and above T g . However, the further increase of the nanoplatelet size to 9MZrP results in a signicant drop in storage modulus at both representative temperatures, which is not only lower than those of the 6 M 5.0 wt% ZrP and 3 M 5.0 wt% ZrP nanocomposites, but also even smaller than those of the 9 M 3.0 wt% ZrP and 9 M 1.0 wt% ZrP nanocomposites. By considering both the above DMA and tensile results, it is suggested that to obtain good mechanical properties of Nylon6 nanocomposites by melt compounding with pristine ZrP nanoplatelets, both the size and concentration of the nanollers should be carefully considered and that based on the current study, the pristine ZrP nanoplatelets of around 600-800 nm by the hydrothermal synthesis in 6 M phosphoric acid are probably optimal for improving the mechanical performances of the corresponding Nylon6 nanocomposites at a nanoller concentration of around 3.0-5.0%. According to the molecular dynamics simulation 44 as well as the experimental analysis 41 on the nanoller effect on the mechanical properties of polymer nanocomposites, both the dimension and mobility of the embedded nanollers have profound inuences on boosting the stiffness of the polymer matrices. The excellent mobility of the nanollers with smaller sizes helps to enhance the stiffness of the polymer matrices by efficiently carrying and redistributing more stress elds introduced. On the other hand, even though the embedded nanollers with larger sizes could bear more surrounding tensions, their local movements in the polymer matrices under stress elds would, to some extent, be restricted. Therefore, it appears that there should be an optimal size range for the embedded nanollers in which the mechanical improvements for the polymer matrices could be maximized. This explains our experimental observation that the 6MZrP nanoplatelets with their size ranging in between all the pristine ZrP nanoplatelets studied are the optimal in terms of enhancing the mechanical properties of Nylon6 in a specic concentration range. Furthermore, as compared to the 9MZrP nanoplatelets, the 3MZrP and 6MZrP nanoplatelets are smaller in size, suggesting that they are likely to be more mobile in the Nylon6 matrices under external stress elds so that their respective moduli show a more obvious gradual incensement as the increase of the nanoplatelet concentration, especially for the smallest pristine nanoplatelets of 3MZrP. At the same time, the 6MZrP nanoplatelets are larger than the 3MZrP nanoplatelets in size. When incorporated into Nylon6, the former exhibits a larger reinforcement in the mechanical properties to the polymer matrices than the later, resulting more likely from the greater contributions from the effects of their relatively larger size. When the size of the embedded nanoplatelets increases to 9MZrP, however, the reduced modulus of the corresponding nanocomposites especially at a relatively high nanoller concentration is mainly due to the extremely restricted mobility of such large nanoplatelets in Nylon under external stress elds.
The DMA results shown in Fig. 6 also elucidate an interesting phenomenon that at the temperatures both below and above T g , the storage moduli of the Nylon6/ZrP nanocomposites have been considerably increased together as compared to the neat Nylon6 especially for the Nylon6/3MZrP and Nylon6/6MZrP nanocomposites, which is different from the epoxy/ZrP nanocomposites reported in the literature. For typical thermosetting epoxy 45 nanocomposites containing ZrP nanoplatelets, 43 the rubbery plateau modulus is increased as the increase of the nanoller concentration while the storage modulus in the glassy region usually retains similar to the neat epoxy. Similar phenomenon has also been observed in the epoxy/graphene nanocomposites. 46 The reason is due to the rigid nature of the molecular networks in the thermosetting epoxy matrices. In the temperature range below T g , the solid epoxy networks signi-cantly conne the mobility of the embedded nanoplatelets leading to a minimal stiffening effect under the dynamic mechanical testing. However, for the nanocomposites with thermoplastic matrices like Nylon6, the polymer chains, even though in their glassy state, would not restrict the motion of the embedded nanoplatelets as much as the epoxy networks especially under external stress elds, thus leading to an obvious improvement in the storage modulus.
In fact, in the case of our Nylon6/ZrP nanocomposites, the pristine ZrP nanoplatelets could increase the exibility of the surrounding polymer chains, which can, in turn, facilitate the motion of the nanoplatelets themselves under external stress elds. This could be veried by the change of the T g as a function of the nanoplatelet size and concentration as illustrated in Fig. 6 . In general, the larger the size and the higher the nanoplatelet concentration is, the lower the T g is for the nanocomposites as measured from the DMA tan d-temperature curves. The reduced T g and the observed broadening of the glass transition peaks for the nanocomposites as shown in Fig. 6 are a good illustration on the increased exibility of the Nylon6 matrices by the incorporation of our pristine ZrP nanoplatelets. This result is completely different from the previous reports on Nylon6/clay,
47
PMMA (polymethyl methacrylate)/carbon nanotube 48 and EVA/MMT 49 nanocomposites, in which the increased T g for the polymer nanocomposites is mainly resulted from the restricted mobility of the polymer chains by adding various nanollers. Herein, the possible reason for our observations is that the pristine ZrP nanoplatelets possess excellent lubricating properties, 50 and are thus likely to help increase the mobility and exibility of the surrounding polymer chains in Nylon6. The detailed studies on the role of the pristine ZrP nanoplatelets in polymer nanocomposites as well as their effect on the crystallization behaviors of Nylon6 are under way and will be reported in the future.
Conclusion
In summary, we have systematically investigated the mechanical properties of the Nylon6 nanocomposites containing pristine ZrP nanoplatelets with various sizes. The size of the ZrP nanoplatelets ranging from $200 nm to $1 mm was controlled by tuning the concentration of phosphoric acid during the hydrothermal synthesis. The pristine ZrP nanoplatelets were incorporated into Nylon6 by a melt-compounding method without adding any surfactant. The SEM images and XRD patterns of the nanocomposites show that the pristine ZrP nanoplatelets have been well dispersed into the Nylon6 matrices without changing their crystalline structures during the melting process due to the excellent compatibility between the pristine ZrP nanoplatelets and the Nylon6 polymer chains. The mechanical characterizations based on tensile and DMA measurements suggest that pristine ZrP nanoplatelets with a large size and relatively high concentration would result in a signicant reduction to the mechanical performance of the Nylon6 nanocomposites and that an optimal reinforcing improvement for Nylon6 can be achieved by adding pristine ZrP nanoplatelets of around 600-800 nm in size with a concentration of about 3.0-5.0%. The enhanced mechanical properties of the Nylon6/ZrP nanocomposites are attributed to the increased mobility of the embedded nanollers in the thermoplastic matrices both below and above T g . Our study demonstrates the possibility of utilizing pristine ZrP nanoplatelets to prepare polymer nanocomposites by melt processing at low cost and would be of great benet to design and fabricate reinforced engineering thermoplastics with desired properties.
